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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. EA NUMBER: 4.32.2 ORIGINATOR: JSCAM ASTRO PROJECT: GFE
PART NAME: WRIST STACK LEL/ORU PART NUMBER: 3278890-50¢ OUANTITY: 1
PART NUMBER: 3275500-506 LRIYORU PART NAME: CTVC SYSTEM: CCTV
L5C CONTROL NO.N/A DRAWING/REF DESIGNATOR: 3278890 SUBSYSTEM:
ZONELOCAFIONN/A  EFFECTIVITY/ATFECT STAGE:

CRITICALITY:

CRITICAL ITEM?: Yes SUCCESS PATHS:
CRITICALITY CATEGORY: 272 SUCCESS PATH REMAINING:
END 1TEN, NAME:
END ITEM FUKNCTIONAL:

END ITEM CAPABILITY:
END ITEM FATLTURE TOLERANCE:

REDUNDANCY SCREENS: (ORBITERSPACE STATION

A - Pass
B - Fats
C - Iass
D -

INCTION: Cannot contral Tecus, 2oom, or iris.
urst Case: Loss of mission critical video.

FALLTURE MODE CODE:

FATLTRE MODE: Lens motion funeticn of zoom, focus and iris do not respond
1o commands. (Mechanical [ailure)

CAUSE:

Stepper motor
Lens Gear Train
Lris Potentiom eter

FAITLURE DETECTION:
REMAINING PATHS:
EFFECT! MISSION FHASE:

CORRECTIVE ACTION:
Mone

-FATLURE EYFECTS-
END ITEM/LRU/ORUFASSEMEBLY: Loss of camera output.
EUBEYSTEM/NENXT ASSEMELY/INTERFACE: Nao video
SYESTEM/ERD ITEMMISSION: Lass of muskion critical vidoeo

TEWNVEHICLE : None.
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FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

VEA NUMBER: 4.12.2 ORIGINATOR: JSCHIM ASTRO PROJECT: GFE
FART MAME: WRIST STACK LRU/ORU PART NUMBER: 327848%0-5{6 OUANTITY: 1
FART NUMBEHK: 3278520 -304 LELU/ORU PART NAME: CTVC SYSTEM, CCTV
LEC CONTROL NO:N/A DRAWING/REF DERIGNATOR: 327540 SUBSYSTEM:
ZONE/LQCATION:NrA EFFECTIVITY/AFFECT STAGE:

HAZARD INFORMATION:

HAZARD: YES__ NO_X__
HAZARD ORGANIZATION CODE:

HAZARD NUMBER:

TIME TO EFFECT:

TIME TO DETECT

TIME TO CORRECT:

FAILTRE DETECTION/FLIGHT

REMARKS:
-RATIONALE FOR ACCEPTABILITY-

4) DESIGN:

e CTVC is comprised of 21 vlectrical subassemblics; 15 subassemblics are GE Astro Space designed and fabricated mging
standard printed circuil board type ¢construction, The remaining six asscmblics, 3 stepper motors, 1 hrushless motor, .
TrismCCD, and Lens assembly are vendor supplics components, whick have been specified and purchased according to GE
specification Control Drawing (SCDx) prepared by Engineering and Produet Assurance. Specifications per the SCD are
performance, test, qualification, and acceptance requirements for 2 procured piece of equipment. Farts, materials, processes,
and desiyn guidelings for the CTVC program are specified in accordance with GE 3267752, This document defines the
Program requirgments.

MI-STD-975G will sorve as the primary EEE parts selection document. If a suitable part cannol be found in MIL-STD-
8750, cquivalent EEE parts that meet the following eriteria may be substituted.

Microcircuit s nre sl Jeast Class B Level, MIL-M 38510 devices, All micracircuits are subjected to Particle Impact Noise
Detection (PTND) testing per MIL-STD-883cCivxcept for devices with plastic epoxy-type pachage,.

Digdes and transistors are at least JANTXY in accordance with MIL-5-19300. All semi-conductors in cavity-type packages
are subjected to PIND tosting per MTE-STD-883C. Relays are procutcd (o the hiphest military established reliability (MTL-
ER] level ac defined in MTL-R-33016. Relays are sobject t0 PIND 1esting.

Swilches are procured to at leuse the secand highest fevel of the appropriste MIL-ER specification, Switches arv suhjecied to
vither PIND testing or X-ray anzlysis as appropriute. {or particle detection.

Other discrere parts arc procured {o at least the sccond highest Tevel of the approprizte MIL-ER specification.
Pars not included in the above documents have been used in the design only after a non-standard parts acZeptance Tequest
{NSPAR} has been prepared, submiticd 1o Reliahility Assurance Eaginecring and approved for use in the specific

-plication{s) defined in the NSPAR hy NASA-JSC.

Wopst pasc vircuit analyses have beon perfarmed and documented for all civevit designs to demensirate that sufficient .
operaling margins exist for ali operating canditions. The analysis wias worst case in that the value Tor cach of the variable

Mo AL I A AR
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. “VIEA NUMBER: 4.12.2 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
PART NAME: WRIST STACK LRU/ORU PART NUMBER: 3278890-506 QUANTITY: L
PART XUMBER: 3778890506 LRU/ORU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/4 DRAWINGFREF DESIGNATOR: 3275890 SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT STAGE:

parameices wak 56t 1o limits that will drive the output t0 a maximum {or min). A component approach review and analysis
was condueted 1o verify that the applicd stress on each picce part by the temperature extremes identified with environmenral
qualification testing docs not excecd the stress derating s2lues identilied in GE 3267759,

¥n addition, an ebjeclive examination of the desiga was performed through 2 Preliminary Design Review and Crilical Design
Review 10 verify that the CTYC met specificarion and confractual requirements

BARE B(YARD DESIGN

All boards are constructed from laminated copper-clad epoxy glass sheets per MIL-P-13249 Type & Crade A. Circait
connections are magde throuph printed traces which run from point o point on the board surfaces. Every trace termingtes ot
an annular ring, The annular ring surrgunds the hole in which a componcnl lead o tertsinal is located. This rins provides a
footing for the solder, ensuring pood mechanical and electrical perfermance Ies size and shaps are governed by MIL-F-
55640 as are iruce widths, spaciag and routing. These requirements are reiterated specifically io drawing noles to Further
assure compliance. Variation between the artwork master and the final product (due to Jrregutarities of the eiching process)
are also controlled by drawing noteg, This prevents making defective bosrds Mmom goad artwork. Holes which house oo lead
ar terminal, but serve only 10 electrically inlerconncet the different bogrd layers, contain stitch bars for mechanical support
and ingreaged reliability,

The through holes are drilled fram a drill tape thug climinating the possibility of human errer and atlewing tight conteol over
le and annolar Fing concentricity, an imporant reliabilisy criterion. After drilling and etching. alt copper <ladding ia tin-
ad plared per MIL-STD-1435. This prevides for casy and reliable soldering at the time nf hoard assembly, cveo 2ftcr
perigds of prolonged storage

BOARD ASSEMBLY DESIGN

All cumpunents are installed in 2 mawner which assures maximom reliability. Camponeat leads are pre-tinned, allowing
total wetting of sclder joints. Al Jeads are formed to provide stress relief ang the bedics of large componcats are staked.
$pecial mounting and banding instructions are included in cach drawing required afier final asscmbly. The bozard is coated
with urethane which protects against humidity and conlamination.

{B) TEST: ACCEFTANCE
Each assembly is individually tested to 3 NASA approved Acceptance Test Procedure TP-AT-3273890. The Acceplance Test
Flow iz detziled in Tahlc 1.

OUALIFICATION TEST ' :

The gualification unit is identical 10 the Tizht unit configuration in every cespect and is used solcly for the purpose of
quatification resting, The Qual unit must successfully complete acceptance testing privr to entering qualification teating. The
Qual unit has passed testing in accordance with NASA approved test plan PN-C-3278890. The Qualification Test Flow is
detailed in Takle 2.

OPERATIONAT. TEETS

In arder to verify that CCTV components are aperational, a tast must verify the bealth of all the command related
components from the PHS (ATA L) panel swileh, through the RCU, throuh the syac lines o the Camera/PTU, 1o the
Cuméerd/PTE command decnder. The test must 2lio serify the camera’™s abilily to prodoece video, the ¥Y5U's ability 10 reate
video, and the monitor's ability 1o dlgplay video, A similar test would be performed o verify the MDM command path,

Pre-Launch on Grbiter TestIn-Flight Test
1. Pover CCTY system
1. Via the FII5 pancl, sclect a momitor
3. Send “Camera Fower On® command from 1he

FaTahnilFale o'l Fal 4 AM



U.E, Govt

FAILGRE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

WMEANUMBER: 4.12.2 ORIGINATOR: JSC/MM ASTHO PROIECT: GFE
FART NAME: WRIST 5TACK LRIMIRL PART NUMBER; 3278890-504 QUANTITY: 1
PART NUMBER: 32788%0-506 LRU/GRU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NONA DEAWING/REF DESIGNATOR: 3275540 SUBSYSTEM:
LONELOCATIONN/A EFFECTIVITY/AFFECT STAGE:

the PHS panel
. Select “External 3ync™ on MOnitar,
Obscrve videe displayed on menitor,
Note that if ¥idew on monitor is synehronized {i.e., stable rasler)
then this indicates that the camera is
receiving composite syac from the RCT and
that the camern is producing synchronized video.
& Send Pan, Till, Focus, Zoam, ALC, and Gamma
commaunds and visuzlly (githar via the
. monilor ar direet ebservation) verily aperation.
7. Saleet downlink a5 destinativn and
camers undeor test a5 source.
%, Observe viden routed to downlink.
%, Send “Camera Power O command via PHE panel.
10. Repeat Steps 3 through # cacept issue
commands via (ke MDM command path.

i
+

(Cy INSEECTION;
Frocurement Canicgl - The CTYC EEE Parts and hardware items are procured from approved vendors and suppliers,
“ith meet the requirements set forth in the CTVC contract. Resident DPRQ personnel review all procgrement documents
gstablish the need for GBI on selecied parts (PAL 517). .

Incoming Inspoction and Sterape - Incoming Qualily ingpections are made on all received materials and parts. Results are’
recorded by lot and retained in Tile by d rawing and contrel numbers for future reftrence ard traceability. All EEE parts arc
subjected to incoming acceptanee tests as calied for in PA) 315 - Incnming Inspection Test Instructions. Ynepming flight pars
are further processed in sceprdance with GE 1846681 - Preconditioning and Acceptance Requiremunis for Electronic Parts,
with the exception that DPA and PIND testing is not performed, Mechanical items are inypected per P4l 314 - Incoming
Inspection Enstructions for Mechanical items. PAL 305 - Incoming Quality Control Inspection Instruction, and PAL 612 -
Procedure for Processing incoming oF Furchased Parts Designated lor Fllght Use. Accepied items ave delivered to Material
Controlied Starcs and retained under specificd conditions untit fabrication is required. Non-conforming materials are held
for Material Review Bgard (MRB) disposition. {(PAL-307, PAT IQC-531)

Brard Azsembly & Tost - Prior ty the start of TV board assembly, all ilems are verified to be correct by stock ranm
personngl , a5 the items are accumulated o form a kit. The iems are verified again by the gperatur who assembles the Kit by
checking against the as-huili-parts-list [ABPL). DPRCG Mandatory Inspection Points are designed far all printed circuit, wire
wrap and welded wire boards, plus harness connectars far seldering wiring, crimping, solder splices and quality
werkmanship prior to coating of the ¢component side of boards and sheeving of harnesses

CTVE Boards

Specific CTVC board assembly and test instructions are provided in drawing notcs, and applicatle documenis are called out
in the Fabrication Procedure and Record (FPR-3275890) and parts list PE32798%0, These Include Process Standard RTV-
556 2780881, Process Standard - Bonding Velero Tapc2280889, Specification Soldering 2280749 - Specification Crimping
2IBUE00, Specification - Bonding and Staking 2220878, Specification - Marking 2280576, Specification - Workmanship
B030035 Specification Boadlsg and Staking 2280875, specification-Wave Solder 2250821, Specification-Printed Wire Board
Sraking 2280851, Specification-ReMow Saldering 2280754, Specification-Soldering Surface Mount Companents 20005710,

AN open box test is pesrformed per TP-1T-32758800 and an Acceptance Tost per TE-AT-3278890, including vibration and

TWE Assemibly and Test .
thermal vacunme Torgue's are specificd anil witnessed, traceability pumbers are recorded and calibrated tools are cheeked

T It TL Y A BN
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

"MEA NUMBER; 4.12.1 ORICINATOR: J3C/MM ASTRG PROJECT: GFE
FART MAME: WRIST 5TACK LEL/ORU PART NUMBER: 3278800-506 QUANTITY: 1
PART NUMEBER.: 1278800-3}6 LRUAORUT PART NAME: CTVC SYSTEM: CCTV
L5C CONTROL NO:MN/A DRAWINGREF DESICNATOR:I2THEN STUBSYSTEM:
ZONELOUATION:N/A EFFECTIVITY/AFFECUT STAGE:

prior 1o wse. GE Quality and DPRO inspections are jerformed a the campletian of specified FPR operalivns in acgardande
with PAL-204, PAL-204, and PAT-217. DPRO pecsonncl witness CTVC button-up and critical terquing.

The CTVC is packaged according to CCTV Letter 8041 and 2280745, Procass Standard for Packaginy and Handling
puidelines. All related documentation ingluding assemibly drawings, Parts Lisi, AEFL, Test Dateetc, is gathered and held in
& documentation fulder assigned specifically to each assembly. This folder is retsined Tor reference. An EIDP is prepared far
cach assembly in aceordance with the requirementis of W5-2523176. GE QC and DPPED personnel witness crafing,

packaging, packing, and marking, and review the EIDP for completencss and acCuracy.
TABLE 1. ACCEPTANCE TEST FLOW
1. ROOM AMEIENT PERFORMANCE TEST

Test conducted per the regoircments of NASA
approved TR=-AT-32785H).

2. ACCEPTANCE YIRRATION EXPOSITRE
20-80 Hz: 3 dbfoctave rise from 0.01 g2/Hz to (.04 p2/H:
80-350 Hz:0.04 g2/Hz=
350-20040 Hz: 3 AR netave decroased to 0,006 22/H2
Test Duration: 1 minutalaxis, operating
Test Level: 6.1 grms

3 POST-VIERATION FUNCTIGNAL CHECK

Test conducted per the requirements of NASA
approved TP-4T-3178820,

4. ACCEFTANCE THERMAL-VACTUUM EXFOSTRE
1.5 cveles total Trom +115 deg F o +14 deg
After stahilization, one boor minimum duzation
ar each plarean, In-spee functional 1ests performed at
each plateau.

5 POST-ENVIRONMENTAL PERFORMANCE TEET

Room ambicnt performance 1esis conducted in
ageordance wilh NASA approved TP-AT-327350M).

TABLE 2, QUALIFICATION TEST FLOW

1. £MI
Conduct tests run in accordance with the reguirenients of
SL-E-0002B, including CS01, C502, C506, TTO1, CENL, and CENZ.
Radiated tests run in accordaonge with SL-EOHIE including RSG2, REOS,

and REG2 except that the test current for BS02 was 2 amps in liew of 20 amps.

Y QUAT FORACCERTANCE VIRRATION
20-80 He: 3dblfoctave increaging to 0.067 p2/Hz
80-350 Hz: LIOTioctave
350-2000 Hz: 3dbipctave decrease
Test Level: 7.8 grmy

CCTVICTVC - 151
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“EA NUMBER: £.12.2 QRICINATOR: JECMM AETROD PROJECT: GFE
PART RAME: WRIST 8TACK LEWORL FART NUMEER: 32788580-5046 QLANTITY: 1
FART NUMBER: 3278590-504 LRG/ORU PART NAME: CTVC SWETEM: COTV
LEC CONTROL RO:8/A DRAWING/REF DESIGNATOR: 3278850 SUBSYSTEM:
ZONE/LQUATION N/A EFFECTIVITY/AFFECT STAGE:

Test Duration: 5 minukesaxis operating

3, FLIGHT QUATIFTCATION YTRRATION
20-70 Hz: 8 dB/octave increasing to 4.4 g2/Hx
T0-5G0 Hz: .4 g2/Hz
S00-2000 Hz: Gdbloctine decrease
Test Level: 181 grms
Test duration 48 minutes/axis non-gperating

4. THERMAL-YACLLM
7.5 cycles total from +130 deg F to +9 deg F.
After stabilization, ¢ne hoor minimum duration at cach platean.
In-spoe functional tests performed at each nlatean.

5, THERMAL STIMIULATEION
Worst ease hat and ¢nld mission environmens
simolzted in vacowm. During hot case, in-spec
operation is reguired for 6 of 14 consecutive howrk
During cold case, in-spec operatinn iz reqoired for
14 conscenbive hours

a. HITMTDITY
20 bours exposure to 85% RH including four 24
hoor temperalure eaeles of Hil deg F to +125 deg
F, non-aperating.

(I FAILURE ATSTORY:
None

(E] OFERATIONAL USE:
Luoss of video. Possible loss of majer mission objectives due ta boss of
RMS cameras or other reguired eameras.,

(F} MATNTAINABILITY:

FREPARED BY:Bernic EMbrey REVISTON:

DATE: February 17, 1995 WANER NUMEER
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